Computational investigation of the initial two-electron, two-proton steps in the reaction mechanism of hydroxylamine oxidoreductase.
Reported here is a computational study based on density functional theory that presents the first attempt to investigate the 2-electron 2-proton reaction of Fe(III)-H2NOH to Fe(III)-HNO in the catalytic cycle of hydroxylamine oxidoreductase-a multiheme-containing enzyme that catalyzes the conversion of hydroxylamine (HA) to nitrite in nitrifying bacteria. Two subsequent protonation events are proposed to initiate the process, of which the second is suggested to be concerted with a one-electron oxidation. The final one-electron oxidation is further proposed to be accompanied by a third deprotonation process, suggesting that Fe(III)-HNO may not be an isolable intermediate in the HAO catalytic cycle. Further explorations are suggested to be focused on the following steps in the catalytic cycle, the influence of the lateral substituents of the heme (and especially of the Cys and Tyr cross-links), the comparative study of hydrazine oxidation, the proton delivery network in the distal site and, possibly, on linkage isomerism.